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received and stored 1n a basin. Surface humidity 1s generated
by the evaporation of basin water. A lens 1s used to focus
sunlight, tracked the suns path based on biomimicry of a
sunflower, on a thermal conductor. The thermal conductor
has a rounded side-profile and generates a variable tempera-
ture across its radius. Water 1s pumped from the basin to a
sprinkler head to be drnipped or sprayed on the thermal
conductor to generate water vapour. This water vapour
consequently mixes with the air in the reaction vessel to
increase system humidity. Humid air 1s removed from the
reaction vessel and condensed 1n a condenser. Accordingly,
the salinity concentration of mnput water 1s reduced from the
output of the reaction vessel. Multiple reaction vessels or
concentrators may be used in tandem to achieve improved
performance.
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SOLAR POWERED WATER DESALINATOR
AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 16/926,019 filed Jul. 10, 2020, the entire contents

of the prior application are hereby incorporated by refer-
ence.”

FIELD

This disclosure relates to desalination using solar concen-
tration, evaporation and humidification.

BACKGROUND

The vast majority of water on earth 1s salt water. As access
to fresh water supplies (for drinking, 1rrigation & industrial
purposes) continues to be a global concern, the ability to
generate potable water from previously untapped or under-
tapped sources will be a key factor 1n ensuring the habit-
ability of any given location. Accordingly, there exists a
desire to remove salt and minerals from brackish water or
seawater to be used for human consumption, agriculture or
alternative industrial uses. Water related issues are only
intensified 1n areas of increased water scarcity, electricity
availability and the impeding efiects of climate change.

Water vapour (found in mist, fog, clouds, etc) 1s the
gaseous state of water. While the air we breathe 1s largely
nitrogen and oxygen, air also includes water vapour. Humid-
ity 1s the measure of the amount of water vapor 1n a body of
air. Both temperature and pressure play a role 1n the amount
of water vapour a body of air may hold. With constant
pressure, the greater the temperature, the greater amount of
water vapour a body of air can hold. Saturation refers to the
maximum amount of water vapor an air mixture can contain
at a given temperature. Steam 1s the term used to refer to
pure water vapour, 1.¢. what 1s generated by bringing a body
of water to 100° C. When a volume of air at a given
temperature holds the maximum amount of water vapour,
the air 1s said to be saturated. Relative humidity 1s the
water-vapour content of the air relative to its content at
saturation. If a body of air 1s saturated at a high temperature,
a reduction of temperature will lower the amount of water
vapour the body of air i1s able to hold. The excess water
vapour will form a condensate (1.e. return to liquid form),
free of dissolved salts and minerals.

Solar evaporation and concentration refers to the process
of using solar energy from the sun to remove salt & mineral
content from salty brines, brackish water or seawater.
Through this process, an output water 1s generated having a
lower saline concentration than an mput water. Utilization of
solar power to drive an evaporation process produces two
streams: an evaporate and a concentrated, brine solution.
This process occurs naturally through the water cycle:
surface seawater 1s evaporated from heat generated by
sunlight, humid air (1.e. airr mixed with water vapour) then
rises and turns into clouds, and the clouds condense and
eventually turn into rainfall.

Known methods of desalination may use chemical, elec-
trical or physical processes to treat input water. However,
these methods can require a great deal of mput energy or
upiront costs to generate outputs of desalinated water. Fur-
ther, the apparatuses themselves may occupy a great deal of
physical space to {it the necessary complex, expendable
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apparatus and components. These systems also require a
significant amount of process chemicals and energy for

operation, and may create toxic by-products. These systems
may also only function properly 1n specific locations.
Accordingly, there exists a need for a novel system, which
1s modular and can be deployed anywhere (in land, on
floating platforms 1n seas and oceans), with minimal infra-
structure/installation, labour with an extended lifecycle.

SUMMARY

An example water desalinator 1s divided into two modular
components: a reaction vessel and a condenser. The reaction
vessel recerves a salt water input from an 1nput source, and
direct sunlight from a light source (such as the sun). The
input water 1s stored 1n a basin. Solar rays are focused by a
lens on a thermal conductor. Surface humidity 1s generated
from the evaporation of basin water. In addition, water 1s
pumped from the basin to the thermal conductor, wherein the
water 1s 1stantly evaporated into water vapour, while water
that 1sn’t evaporated on the surface of the conductor i1s
allowed to fall back to the basin. This water vapour mixes
with the air in the reaction vessel to ensure maximum
relative humidity. Any condensation that 1s formed within
the reaction vessel will be removed through multiple drain-
age ports. The humid air 1s outputted/extracted from the
reaction vessel to the condenser.

The condenser receives the humid air from the reaction
vessel. Through a heat exchanger, the humid air 1s con-
densed to generate output water having a lower salinity than
the mput water. The heat exchanger employs a coolant (or
cooler feedwater) to remove heat from the humid air, thereby
lowering the saturation point, and generating condensate.

Aspects of the present disclosure relate to a water desali-
nator comprising: a reaction vessel, the reaction vessel
comprising: a basin, configured to receive salty water, the
basin having an open surface to allow water to evaporate
from the basin and rise to the top of the reaction vessel; a
pump configured to provide the salty water to a thermal
conductor, wherein the thermal conductor 1s positioned at a
height above the basin and heated using a lens to generate
water vapor from the salty water provided to the thermal
conductor; drainage panels extending from at least one wall
of the reaction vessel to an opening, wherein the drainage
panels are configured to allow evaporated water from the
basin to pass and drain any condensation formed above the
drainage panels; and an output vent configured to remove
humid air from the reaction vessel; a condenser, the con-
denser comprising: a heat exchanger configured to receive
humid air from the output vent, wherein the heat exchanger
1s cooled with a coolant to condense water vapour 1n the air
to generate water having a lower salinity and mineral
content.

Other aspects relate to a method of solar concentration,
evaporation and humidification, the method comprising:
receiving salty water from an input source; storing the salty
water 1n a reaction vessel having a basin; evaporating at least
a portion of the salty water from the surface of the basin to
rise to the top of the reaction vessel; pumping the salty water
from the basin to a thermal conductor to be vapourized,
wherein said thermal conductor 1s: heated using a lens, and
said thermal conductor has a variable temperature across
radial distances from 1ts center; outputting the air from the
top of the reaction vessel to a condenser; and condensing the
air 1n a condenser nto a distillate form.

Other aspects relate to a desalinator comprising: an inter-
modal shipping container, the shipping container compris-




US 11,807,552 B2

3

ing: a lower portion forming a basin configured to store salty
water, an upper portion, the upper portion comprising a lens
and thermal conductor configured to receive salty water
pumped from the basin to generate humid air, and drainage
panels positioned between the lower portion and upper
portion, the drainage panels configured to capture and
remove any condensate formed 1n the shipping container,
wherein the humid air 1s output to a condenser for conden-

sation of water vapor, generating a lower pressure in the
intermodal shipping container.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments will be described, by way of example only,
with reference to the accompanying figures 1n which:

FI1G. 1 1s a block diagram of a water desalinator, according,
to one embodiment:

FIG. 2 1s a schematic diagram of a modular reaction
vessel to be used 1n the water desalinator of FIG. 1;

FIG. 3 1s a schematic diagram of a thermal conductor to
be used 1n a reaction vessel of the reaction vessel of FIG. 2;

FIG. 4 1s a schematic diagram of a condenser to be used
in the water desalinator of FIG. 1;

FIG. 5 1s a schematic diagram of an alternate reaction
vessel;

FIG. 6 1s a cross-sectional view of a reaction vessel to be
used 1n water desalinator, according to another embodiment;
and

FIG. 7 1s a block diagram of electronic mnputs and output

components used to manage the operation of the water
desalinator of FIG. 1.

DETAILED DESCRIPTION

FIG. 1 15 a block diagram of a water desalinator 100 to be
used for solar concentration, evaporation and humidifica-
tion, according to one embodiment. Water desalinator 100
includes a reaction vessel 150 and a condenser 120. A light
source, such as the sun (not shown) emits rays of light into
reaction vessel 150. Reaction vessel 150 receives, as an
input, ambient air 101 and input water 102, and produces
humid air 104. As a by-product, hot brine water 103 may be
also output. Reaction vessel 150 may also generate some
output water 110.

Humid air 104 1s generally free of salt, and provided from
reaction vessel 150 to condenser 120, where humid air 104
1s condensed using condenser coolant 106 to generate con-
denser output water 111.

FIG. 2 1illustrates the individual components of reaction
vessel 150 of water desalinator 100. These components can
be grouped into rapid water vapor components 140 and
surface evaporation components 142. Both rapid water
vapor components 140 and surface evaporation components
142 are housed 1n a container vessel 156. Rapid water vapor
components 140 include lens 152, solar tracker 154, thermal
conductor 158, and sprinkler head 160. Rapid water vapor
components 140 are situated proximate to the top of reaction
vessel 150 1n relation to the focal point of lens 152. In the
depicted embodiment, they are centrally located, but can be
installed 1n any location that allows maximum solar con-
centration 1nto the reaction vessel 150. Surface evaporation
components 142 are located below the rapid water vapor
components 140, and include a basin 176, a water recircu-
lation pump 172, an intake vent 166, an exhaust fan 178,
drainage panels 164, and brine output 174.

The external structure of reaction vessel 150 may be
realized by a modular container vessel 156. According to

10

15

20

25

30

35

40

45

50

55

60

65

4

some embodiments, container vessel 156 i1s a standard
intermodal freight container retrofitted for the purposes of
this desalination process. Container vessel may be generally
rectangular, having six faces each made of steel. In an
example embodiment, an intermodal freight container may
be used (or re-used). This pre-existing, modular shape can
provide a low cost, robust option that can be deployed and
shipped globally as standard practice. Container vessel 156
may have large and re-sealable double-sided doors on one or
both ends of the container vessel 156 for access to internal
components for routine maintenance. The external steel
walls may be lined or coated with isulation and a thermo-
plastic layer (PVC, CPVC, etc.) suitable for heat and high
saline water corrosiveness. In alternate embodiments, green-
house type structures (not shown), or variant shapes such as
circular domes could be used. In larger installations, plants
may be added to iterior of reaction vessel 150, allowing
container vessel 156 to have dual functionality of a conven-
tional greenhouse, 1n addition to being a reaction vessel 150.
In these embodiments, greenhouse plants add additional
moisture to the water desalinator 100 via transpiration.

Container vessel 156 can be converted from standard
intermodal freight containers of varying length (10", 20", 40,
53", etc.). An intermodal freight container allows ease of
transport and retrofit of existing materials. Walls of con-
tainer vessel 156 are insulated to produce high content of
water vapour and condensation. The walls of the reaction
vessel 150 may be opaque, not allowing sunlight to enter,
only through the lens 152. Therefore, water desalinator 100
can capture and maintain the heat as production time
clapses. Alternatively, container vessel 156 may be config-
ured to use transparent walls, much like a greenhouse.

Container vessel 156 may further include components to
combat the ellects of corrosion and scale from the minerals
in mput water 102. As a metal surface will start to accumu-
late with scale formation and salt deposits from the evapo-
rated water, liner plates may be installed within container
vessel 156 1n a manner that will allow them to be removed,
accessed, cleaned 1n place, or scraped as needed. According
to other embodiments, 1n an eflort to reduce scale formation
and buildup, a low DC current may be applied to the
clectrically conductive components to counter-act the for-
mation of scale.

Reaction vessel 150 receives as an mput water 102 via
iput pump (not shown). Input water 102 1s salty—and can
be salt water, brackish water, industrial brine or sea water.
Input water 102 can also be designed for other streams—
mine water concentration, metals, brines, product recovery,
contaminated or toxic eflluents, etc. The feed flow rate of
input water 102 through mmput pump (not shown) may be
calculated dependent on the rate of evaporation realized 1n
the reaction vessel 150. Input water 102 may further act as
a quenching solution for the condensate. Alternatively, input
water 102 can be introduced to reaction vessel 150 using
gravity from a larger holding tank (acting as a mimature
water tower)— not shown. Input water 102 will typically be
warm and saline. Depending on the source water, there may
also be foaming that occurs in reaction vessel 150. Conduc-
tivity, temperature, alkalinity, pH are some of the parameters
of mput water 102 that can be monitored using sensors in
reaction vessel 150 commumicating with a controller (not
shown) for process performance.

Input water 102 may be stored in a basin 176 formed from
the bottom of container vessel 156. Basin 176 may take the
form of a tub, or may simply be formed as the bottom of
container vessel 156. Other types of basins will be apparent
to those of ordinary skill. The top surface of basin 176 1s




US 11,807,552 B2

S

exposed, allowing water vapour to rise from basin 176
within container vessel 156. As the internal temperature of
container vessel 156 increases (and eventually reaches
steady state), water will evaporate from the exposed surface
of the water in basin 176, and rise as surface humidity 107.
The depth of the water in basin 176 may be suited for humid
air generation, to allow significant wall surface exposure to
increase surface evaporation in the vessel. Basin 176 will
also be monitored for water quality (TDS, conductivity,
temperature, etc.) through sensors communicable with a
controller (not shown). Based on these sensor inputs, the
basin water may be cycled through the basin and the water
volume may be increased by allowing more water 1n, or
decreased by letting water out, or cycled by doing both. A
heater (not shown) may be installed 1n basin 176 to warm the
water, increasing surface water evaporation during periods
of low solar activity, such as during evenings and nighttime.

Water (1n liquid form) 1n basin 176 1s pumped from basin
176 to rapid water vapor components 140 using recirculation
pump 172. Recirculation pump 172 may, for example, be a
low voltage, low flow and pressure (submersible) pump that
may continuously recirculate water from the bottom of the
container basin 176, up through the sprinkler head 160. The
pressure of recirculation pump 172 may be adjusted through
manual valves on each nozzle, or operate under automatic
control based on controller input, having sensor information
about the temperature of thermal conductor 158. For
example, recirculation pump 172 may be adjusted to have a
higher flow rate for a higher reaction vessel 172 operating
temperature, and lower flow rate for lower operating tem-
perature. Output of recirculation pump 172 1s the water
sprayed on thermal conductor 158.

Output of recirculation pump 172 1s provided to sprinkler
head 160. Sprinkler head 160 may be a series of nozzles or
perforations that direct water pumped from basin 176 on to
thermal conductor 158 for evaporation thereon. The loca-
tion, direction, position, and angle of the water from sprin-
kler head 160 can be adjusted manually or automatically
using electromechanical components controlled by control-
ler (not shown). Sprinkler head 160 may be configured to
spray water at a position ofl-centre of the center of thermal
conductor 158. Water may be sprayed on thermal conductor
158 at a constant rate to limit deformation of the thermal
conductor 158, but to maintain a temperature at a specific
position on thermal conductor 158 (1.e. water 1s sprayed on
to the surface at a rate to keep the thermal conductor 158 at
a constant temperature under steady state conditions). Alter-
natively, valves may open on a timer at a fixed or variable
rate, allowing the water will tflash on and off the thermal
conductor 158. This allows thermal conductor 1358 to heat
and cool down, then the process may continue 1n a batch
mode. Specific rates may be modified based on environmen-
tal variables such as weather. For example, on a particularly
sunny day, the concentrator may pump maximum water
pressure for a maximum time. On a cold and dark day, water
may be pumped far less frequently to maintain the limited
heat on the thermal conductor 158. Pump 172 may be a
compact and submersible pump that 1s heat and corrosion
resistant. Sprinkler head 160 may act as a throttling valve to
reduce pressure in the passing liquid, encouraging flash
evaporation in reaction vessel 150.

The water sprayed from sprinkler head 160 will be
evaporated off thermal conductor 158 and form water
vapour. This water vapour will mix with the air 1n container
vessel 156 to generate the humid air (1.e. with a high relative
percentage of water vapor in air), i addition to the rapid
flash of steam that would immediately condense. Relative
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humidity in container vessel 156 may be kept between 40%
and 100%, controlled by the controller (not shown) by
modilying operational parameters of the water desalinator
100. If any water 1s not evaporated immediately off thermal
conductor 158, 1t will remain 1n liquid form and fall back
down through opening 159 to basin 176 below, to be
recirculated once again. Water pumped on to thermal con-
ductor 158 will further operate to mitigate any potential heat
deformation that may occur due to the concentrated solar
energy.

As mput water 102 contains salt and other minerals, some
solid minerals may be deposited on thermal conductor 158
as input water 102 evaporates. A salt removal wash sequence
may be applied, whereby fresh water or brine in the bottom
of the insulated vessel could be allowed to be sprayed
continuously, when the unit in not producing steam/water
vapour, thereby removing/dissolving the scale build up 1n off
production hours (1.e. at nighttime), rendering this a seli-
cleaning process. Alternatively, thermal conductor 158
could be physically removed periodically and placed 1n a
solution that will dissolve any scale build up.

Thermal conductor 158, according to some embodiments,
may be a metal, metalloid form, alloy or coated plate with
a thermal conductivity, melting point and thermal transmis-
s1vity suitable to allow for even, quick distribution of heat,
without warping or melting at temperatures greater than
500° C. Further, thermal conductor 158 may be coated or
treated to prevent or minimize corrosion. Thermal conductor
158 may be made of multiple metals. Thermal conductor
158 may be aflixed to the reaction vessel itself using a
mounting bracket or other attachment means, or may be
connected to the drainage panels 164 (which may them-
selves connected to the side walls of container vessel 156).
The solar thermal energy 1s recerved 1n the center of thermal
conductor 158, and radiates downward and outward through
thermal conductor 158, generating a variable temperature
based on radial distance from the thermal conductor’s core.
Thermal conductor 158 may include temperature sensors
operable to communicate temperatures on the thermal con-
ductor 158 at different positions, which can in turn provide
teedback for solar tracking optimization.

The relative humidity close to the surface of the thermal
conduction 158 will be the lowest 1n the reaction vessel 150,
as there 1s significant latent heat produced by the thermal
conductor 157 during operation. Relative humidity will
increase at greater radial distances from the center for the
thermal conductor 158 disc as water vapour 1s produced and
evaporated. Thermal conductor 158 may have flared edges
or grooves to reduce water droplet scattering due to the
Leidenirost effect (wherein a liqud close to a significantly
hotter liquid produces an insulating vapor layer to keep the
liquad from boiling rapidly). Because of this repulsive force,
a droplet hovers over the surface rather than making physi-
cal contact with the hot surface. If water does fall ofl of
thermal conductor 158, the water will fall through opening
159 and will splash into basin 176. The splashes generated
by falling water will generate greater surface area in basin
176, thereby increasing the surface evaporate 107.

Thermal conductor 158 1s heated by rays of light 132
focused by lens 152. The solar energy from rays of light 132
can concentrate as solar thermal energy. The thickness, size
and matenial (glass, water, plastic, epoxy, etc) of lens 152
will depend on the enclosure volume. According to some
embodiments, lens 152 1s one of a magnilying glass, Fresnel
lens, and water lens. Dependent on the type of lens 152,
individual optic components may be modified to optimize
the lens 152 for the intended purpose of desalination. For
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example, the geometric properties of the lens 152 may be
modified. In cases where the lens 152 1s a Fresnel lens, the
shape and configuration of any successive concentric rings
or steps of the lens may be defined or configured. The

amount of energy that can be concentrated on the surface of 5

the thermal conductor 158 would be in the range of 500
kW/m?, with temperatures ranging up to from 700° C.-900°
C. Thermal conductor 158, therefore acts as an internal
heater 1n the container vessel 156, further creating oppor-
tunities for evaporation.

Lens 152 1s connected to and may be repositioned by solar
tracker 154. Solar tracker (or heliostat) 154 1s a movable
apparatus configured to swivel, turn and rotate the lens 152.
The solar tracker 154 will mimic the sun tracking much like
a sunflower rotates and follows the sun throughout the day
(and then repositions itself to start again in the morning).
Solar tracker 154 1s attached to container vessel 156 and will
reposition lens 152 to optimize the water desalinator 100 to
generate the maximum amount to output water 111 as
programmed by a controller (not shown). The height of lens
152 can also be adjusted by solar tracker 154 to accommo-
date different configurations or types of lenses 152 (for
example, one using a different type of lens). Solar tracker
154 1s also configured to i1solate the container vessel 156 to
capture moisture, humid air and steam. Solar tracker 154
contains the area between lens 152 and container vessel 156
using a tlexible sheet of insulating, air tight material that waill
prevent the steam and water vapour from escaping into the
external atmosphere. The insulating matenial 1s flexible
enough such that it will not impede the movements of lens
152 controlled by solar tracker 154 to track the suns position
across the sky. Insulating maternial also acts as a vapour
barrier to keep the humid air in the container. Any conden-
sation that 1s generated on 1nsulating material can be routed
to a trough (not shown) and then collected. For maintenance
purposes, the insulating material can be easily removed to
allow an operator access to the top portion of the container,
the thermal conductor, nozzles, etc.

Solar tracker 154 may be formed using servomotors or
any other adjustable mechanical or electromechanical sys-
tem that may reposition the lens 152 along a transverse or
rotational axis. Solar tracker 154 may for example adjust the
anchor points of the lens 152 i three dimensions. Solar
tracker 154 1s designed to withhold the weight of the lens
and 1s stable enough to remain fixed, damping any vibration
from operation or any undue weather. Solar tracker 154 may
include a robotic arm to control the distance from thermal
conductor 158 to the focal point of lens 152.

Some water may condense within reaction vessel 150
before being output through output vent 178. In order to
capture as much condensate droplets 110 as possible, drain-
age panel or impervious coverings 164 are to be attached to
container vessel 156. Any condensate droplets 110 that form
above drainage panels 164 travel down along drainage
panels 164 and out condensate output pipes 180. A control-
lable valve may be placed before output pipes 180 to
optionally determine whether to allow for condensate to
flow through. Drainage panels 164 may be formed from a
galvanized metal, stainless steel or similarly suitable mate-
rial for use i high temperature, high saline, and high
humidity environments. Drainage panels 164 extend from
the walls of container vessel 156 to a position below the
surface evaporation components 142. According to some
embodiments, drainage panels 164 extend from all walls of
the container vessel 156. According to other embodiments,
drainage panels 164 only extend from some walls of con-
tainer vessel 156. Drainage panels 164 may take the form of
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a truncated hollow cone or truncated pyramid, with top
position having a rounded or squared opening 159. Opening
159 can be realized outside of the projected circumierence
of thermal conductor 158. Condensate will thus not fall back
into the basin 176 below, but will flow down the side of the
drainage panel and enter a collection piping system to output
as output water 110. Drainage panels 164 may alternatively
form a convex or concave loop to capture and 1solate the
moisture once 1t has condensed while still preventing the
moisture from returning into basin 176. Optionally, a purge
valve (such as a solenoid valve) may be connected to the
drainage panel 164 runofl system.

The purge valve may be controlled by controller (not
shown) to open at a predetermined time or rate to avoid heat
loss and vacuum loss 1n the container. Any condensate that
may form below drainage panels 164 may fall down to
basin 176. According to some embodiments, there are be
multiple drainage ports to allow the collected condensate to
trickle and drip 1nto a common header to be sent to a fresh
water storage tank.

As mput water 102 1n basin 176 evaporates, the saline
concentration and temperature of water 1n basin 176 will
increase (when the reactor 1s 1 operation). Therefore, there
1s a need to remove water 1n basin 176. Reaction vessel 150
outputs warmer hot brine water 103 through brine water
output pump (not shown) or via gravity drainage and a hand
or solenoid valve This warmer water will be removed as hot
brine water 103 and replenished with additional input water
102. The extraction process, according to some embodi-
ments, can be based on a depth level 1n the collection basin
(1. a valve may be opened until a lower level 1s reached,
then fresh feed will be added). According to other embodi-
ments, extraction of hot brine water 103 1s based on sensed
measurements ol temperature, total dissolved solids (TDS),
conductivity, etc. The optimal concentration and tempera-
ture of the brine solution will depend on a number of factors,
such as the scaling formation 1ssues 1n the reaction vessel
150, optimum evaporation rates, etc. Hot brine water 103
can be further evaporated 1n another downstream reaction
vessel 150 (multiple reaction vessels 150 can be arranged 1n
series to generate a solid, making this a fully zero liquid
discharge process), discharged back into an input pool, or
used 1n an alternative industrial purpose as a higher salinity
brine.

Container vessel 156 may allow ambient air 101 to enter
through ambient air intake 166. To allow for evaporation to
occur, as well as condensation 1n reaction vessel 150, cooler
external air can be introduced with the addition of vents or
fans. Ambient air intake 166, may be controlled manually or
clectromechanically using servomotors or a controller. Addi-
tional air intake vents 166 may be positioned throughout
container vessel 156. Ambient air intake 166 can be throttled
open to closed. This allows ambient air 101 that 1s cooler and
dryer to enter the container. Ambient air intake 166 may be
configured to modily 1ts input allowance 1n order to sustain
a relative humidity setpoint within container vessel 156.
Alternatively, the ambient air intake 166 may be configured
to sustain a specific air temperature 1n the upper level of the
container.

Incoming air velocity will be dependent on the size of the
vent opening as well as the size of the extraction fan. The
extraction fan(s) will be rated anywhere from 300 standard
cubic feet per minute (scim) to 10,000 scim (or greater
depending on the size and number of container vessel 156
employed). When a pressure lower than atmospheric pres-
sure 1s achieved in the reaction vessel, the ambient air intake
166 can be programmed to open at 10% (0-100% open)
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intervals, which will be controlled via the relative humadity,
and temperature in the reaction vessel. The anticipated
airspeed of extraction air (humid/moist), arising from a
combination of the extraction fan and ambient air intake will
be 1n the range of 2-30 m/s. The goal of the air extraction 1s
to remove as much water vapor from the reaction vessel 150,
and not have any desalted water return to the basin 176 as
condensate drips. In order to consistently maintain a con-
stant relative humidity of 100%, the dew point temperature
and dry bulb temperature should be close to 37.8° C.

The two types of humid air generated 1n the reaction
vessel (namely humid air 107 as generated from surface of
basin 176, and humid air 162 from thermal conductor 158)
may be output to condenser through air exhaust fan 178. Air
exhaust fan 178 provides air movement within the vessel,
enhancing condensate of water droplets. If air exhaust fan
178 continues to output humid air 107 while ambient air
intake 166 1s closed, the pressure of internal container vessel
156 will decrease. With a lower internal container vessel 156
pressure, the rate of the surface evaporation of water in basin
176 will be increased. This vacuum will be produced
because the reaction vessel 156 1s an air tight enclosure, with
the exception of the air mtake port, 166 which will not be
open all the time, and the extraction fan 178, which will
create the vacuum eflect 1n the vessel. An increase 1n airtlow
rate and velocity of air over the surface of the water air
interface will also increase rates of evaporation. Reaction
vessel 150, which has a goal to achieve a constant relative
humidity of 100%, will therefore be foreseen to remove
saturated air at a higher rate. Additional exhaust fans may be
added to the top, middle and bottoms of reaction vessel 150.
The performance of air exhaust fan 178 may be controlled
with ambient air intake 166 to avoid condensation from
occurring inside the reaction vessel 150, as opposed to the
external air condenser. Communication and feedback
between the air exhaust fan 178 and ambient air intake 166
will also provide the opportunity to create a slight vacuum
in the container vessel 156. Having a vacuum 1n reactor 156
will cause the pressure 1n the container vessel 156 to be
reduced, allowing the liquid to evaporate at a lower tem-
perature (and thereby faster) than what would be experi-
enced under normal barometric conditions. As the reaction
vessel 150 will be operated as air tight, the extraction fan
will continue to remove moist/humid air, while the pressure
in the container can achuieve 3-10 inches of H,O of negative
pressure (from a water manometer).

FIG. 3 1llustrates side and top views of thermal conductor
158, 1solated from remaining components of container ves-
sel 156. Thermal conductor 158 has a height h and radius .
The side profile of thermal conductor 158 further illustrates
the shape 1n which the thermal conductor may take. As can
be seen, thermal conductor 158 1s largely curved on its top
edge, however at a particular radial distance from the centre
will begin to form a linear tangential. Thermal conductor
158 may be formed of a solid matenal. Alternatively, ther-
mal conductor 158 may form a shell. I thermal conductor
158 forms a shell, the shell may have constant or variable
thickness at varying radial distances from the centre of
thermal conductor 158. While the side profile shape 1n FIG.
3 1s illustrated, other side profiles, shapes and configurations
may be employed. For example, rather than a curved top on
thermal conductor 158, a cone having a less steep gradient
may be employed. Alternatively, thermal conductor 158 may
be entirely rounded, oblong, ovaloid, square, rectangle,
triangular, octagonal, efc.

Based on the shape and material thermal conductivity of
thermal conductor 158, a temperature gradient will be real-
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1zed as the radial distance extends from the core (i.e. the
centre of the thermal conductor 158) towards the radius r.
The nature of this temperature gradient will be based on the
maternal and geometric properties of the thermal conductor;
however, the hottest point will be at the core, and the coolest
point will be at the edges (1.e. radius r). For example, thermal
conductor 158 may be composed of multiple sections, with
cach section made of a different metal or metal alloy.

Accordingly, sprinkler head 160 (see FIG. 2) may be con-

trolled using sensor data from thermal conductor 158 to
determine the appropriate position having a radial distance
to spray water to maximize humid air output. By spraying
the radially outward areas of the core, evaporation will occur
while preventing the thermal conductor from melting or
warping.

FIG. 4 1illustrates condenser 120, along with 1ts internal
components. Heat Exchanger 114 1s positioned where most
of the humid, moist air from the reaction vessel will be
allowed to cool and condense. Condenser 120 receives, as an
input, humid air 104 from reaction vessel 150. The humid air
1s passed through heat exchanger 114 1n order to output fresh
water 111. Condenser 120 1s cooled using coolant 106.

Humid air that 1s extracted from the reaction vessel 150
will direct the humid air 104 into a coil such as heat
exchanger 114 that can be chilled 1n a submersed tank/vessel
of coolant 106. Coolant 106 1n heat exchanger 114 may be
from the same source as input water 102.

Alternatively, feed water 106 can be pumped through the
heat exchanger 116 (rather than submersing a pipe 1n the
coolant 106). Then, moist air from the Humid Air Extraction
system 1s sent into this vessel/tank and water vapor con-
denses along this piping system, and the output water 111 1s
allowed to collect/drip down to a basin below, where 1t 1s
collected.

As output water 111 1s intended for non-potable water
uses (e.g. for agriculture, 1rrigation, toilets, cooling, chilling
systems, etc.); the final water quality does not have to meet
drinking water regulations. Output water may be further
disinfected and/or filtered 1t 1ts will be used for drinking
water purposes.

In alternate embodiments, multiple reaction vessels 150
may be mstalled 1n series or parallel configurations, or may
operate using a dome structure sharing a lens 152 where one
larger solar lens 1s employed. The system of reaction vessels
150 and condensers 120 may be duplicated in series and
parallel, creating a network with multiple stages ol maxi-
mum heat and energy recovery. Warm brine 103 (once 1t
reaches a certain temperature and/or salinity or total dis-
solved solids level) can be extracted from the first stage, and
introduced 1nto the second stage, further evaporating more
water from the brine solutions. Outputted brine may be
processed 1n a crystallizer or solar pond for further com-
mercial processes (such as solid salt crystal generation or
used 1n the lithium production process.

The vield of output water 111 produced from condenser
120 will depend on numerous factors from the reaction
vessel 150: size and type of lens configuration, surface area
of thermal conductor, water vapour extraction, air velocity,
mass air flowrate, condensation system eflicacy, scaling
control, surface area of water evaporation, etc. Further, the
output may be varied based on the temperature of coolant
106. According to some embodiments, coolant 106 may be
replaced by an alternative industrial coolant (rather than
feedwater) coolant having 1ts own thermal properties.
According to some embodiments, coolant may be hot brine
output 103 retrieved from the basin 176.
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FIG. 5 1llustrates a reaction vessel 150" according to an
alternative embodiment. According to this embodiment, a
single container vessel 156' having surface humidity com-
ponents 142" may be used with multiple rapid water vapor
components 140', on the top of the reaction vessel 150" or on
the sides. In these embodiments, a single basin 176 1s still
used, however multiple lenses 152, thermal conductors 158,
and sprinkler heads 160 are employed. According to some
embodiments, a single pump 172 1s employed to deliver
water from basin 176 to the surface evaporation components
140'-1, 140'-2, and 140'-3. The piping from pump 172 to
sprinkler heads 160 will necessarily need to be modified to
allow the intersectional connections. According to some
embodiments, multiple pumps 172 may be used 1n parallel.
In further embodiments, the reaction vessels can also utilize
the sides of the container 156 where similar rapid water
vapor components 140 can be imstalled to utilize the suns
radiation from all sides of the reaction vessel.

FIG. 6 illustrates a cross-sectional view of a further
reaction vessel 150" to be used 1n a water desalinator,
according to a further embodiment. In this embodiment,
sheets 192 may be inserted internally across the container
vessel 156. Sheets 192 may be a cotton, mesh, or any other
suitable synthetic fabric, coated with a hydrophobic coating.
Humid air can collect on the surface of either side of sheets
192. This adds to the available surface area for evaporation,
as well as water vapor harvesting. Water vapor will collect
and trickle down to be collected through bottom collection
troughs 191 supported on platform 190, 1tself athxed to the
walls of container vessel 156. Troughs 191 are placed at the
bottom of sheets 192, and form a convex shape (such as a
half pipe) to collect drops as they accumulate and form on
both sides of the mesh fabric.

Sheets 192 are suspended from fasteners 194 positioned
under drainage panel 164. According to some embodiments,
tasteners 194 may be horizontally level with each other.
When fasteners 194 are horizontally level with each other,
tasteners 194 may be a slider mechanism, such that there 1s
a greater ease for msertion and removal of sheets. According
to some embodiments, wires, may alternatively or addition-
ally be vertically hung throughout the reaction vessel 150".
These wires would tunction similarly to the sheets 192,

According to other embodiments, fasteners 194 may
traverse along the internal underside contour of drainage
panel 164. In these embodiments, the sheets 192 may be of
variable sizes and have greater surface area for generation of
additional humidity and water vapor harvesting.

Electronic components within the water desalinator 100
may be configured to operate using AC or DC power.
According to embodiments that require AC, the water
desalinator 100 may be optimized for conventional house-
hold voltages, such that the system may be operated using a
standard residential electrical plug. Alternative AC embodi-
ments may be optimized for the local voltage and frequency.
According to other embodiments, DC components using a
constant voltage may be used.

FIG. 7 1s a block diagram of electronic inputs and output
components used to manage the operation of water desali-
nator 100. Sensors, valves and actuators, may be employed
and configured to communicate with a controller 400. Con-
troller 400 may be a programmable logic controller (PLC),
such as a unit chosen from the Logix 5000 series devices
made by Allen-Bradley/Rockwell Automation, such as the
ControlLogix 5561 device. Individual functional compo-
nents ol controller 400 may include a processor, memory,
and network interface. Memory may store instructions that
when executed by processor perform the actions as
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described. Controller 400 may receive further input through
a network interface to a local area or the internet to allow for
remote operation and receive external data, such as opera-
tional and environmental requirements. Components man-
aged using controller 400 which may operate to perform the
functions of the controller as described 1n regard to previous
figures. While illustrated as a single controller 400, the
operations may be divided into a plurality of controller units
with specified instructions. Controller 400 may include a
memory and processor. The processor will execute nstruc-
tions stored on the memory to perform the operations as
defined. Controller 400 1s communicably linked to sensor
and actuators via a communicative protocol such as RS232,
Bluetooth™, WiF1, etc. Sensors and actuators may include,
for example, a weather sensor 402, a thermal conductor
temperature sensor 404, a basin water sensor 406, a vessel
humidity sensor 408, a feed water valve control 410, a hot
brine valve control 412, an exhaust control 414, an ambient
air control 416, a sprinkler head pressure valve 418, a
sprinkler head direction actuator 420, a solar tracker control
422, and a drainage panel valve control 424. The individual
function of each control module will be described herein-
after. The operation of the complete system 1s anticipated to
eventually leverage artificial intelligence and machine learn-
ing to maximize output vield and performance based on
external conditions (weather, solar irradiance, geographical
location, elevation, etc.) and internal conditions from the
teedback of instrumentation, sensors (temperature, humid-
ity, water quality, salimity, etc.) and IoT.

Weather sensor 402 may include an anemometer, ther-
mometer, rain meter, and a sensor configured to detect the
position ol the sun in the sky. Using this information,
controller 400 will determine the appropriate position to
direct lens 152 and communicate with solar tracker 422 to
istruct any actuators or motors to position the lens 152
accordingly. The intended operation and function of the
tracking lens biomimics that of a young suntlower plant,
which tracks the sun throughout the day, always facing
directly perpendicular the sun, to maximize exposure.

Thermal conductor sensors 404 operate to evaluate the
temperature on thermal conductor 158. These sensors may
be embedded into the thermal conductor 158 and commu-
nicatively linked to the controller 400, or may be a plurality
of wireless sensors (such as infrared temperature sensors)
configured to evaluate the temperature at points across the
thermal conductor 158. Using this information, controller
400 may 1nstruct the sprinkler head pressure valve 418 and
the sprinkler head direction actuator 420 to modity the rate
or position at which water 1s sprayed on thermal conductor
158.

Basin water sensor 406 measures the depth, temperature,
and mineral content of water 1n basin 176. The sensor 1s
communicatively linked to controller 400, which may adjust
the water 1n basin 176 using feed water valve control 410 to
allow new 1put water 102 1n, or hot brine valve control 412
to allow hot brine water 103 out.

Vessel humidity sensor 408 monitors and measures the
percentage ol water vapour in the container vessel 156.
Vessel humidity sensor 408 1s communicatively linked to
controller 400, which may adjust the amount of humid air
output 104 through the speed or pitch of exhaust fan 178 via
exhaust control 414, or the ambient air 101 allowed in
through 1ntake vent 166 via ambient air control 416. Vessel
humidity sensor 408 may include a wet bulb temperature
SEeNsor.

Drainage panel valve control 424 monitors the amount of
condensate that has formed across drainage panels 164. If
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the condensate formed in drainage panels 164 exceeds a
defined amount, the drainage panel valve control 424 will
signal to allow condensate through output pipe 180.

The process 1s considered an ofl-the-grid system as i1t does
not require any process chemicals, nor does 1t require high
voltage electrical equipment, and 1t 1s operated continuously
(provided the required solar circumstances) under ambient
conditions and atmospheric pressures. The recirculation
water pump, air extraction fan, solar tracking system, and
instrumentation can all operate at 110-220 VAC and/or solar
powered.

Although a combination of features 1s shown in the
illustrated embodiments, not all of them need to be com-
bined to realize the benefits of various embodiments of this
disclosure. In other words, a system or method designed
according to an embodiment of this disclosure will not
necessarily include all of the features shown 1n any one of
the Figures or all of the portions schematically shown 1n the
Figures. Moreover, selected {features of one example
embodiment may be combined with selected features of
other example embodiments.

Although this disclosure has been described with refer-
ence to 1illustrative embodiments, this description 1s not
intended to be construed in a limiting sense. Various modi-
fications and combinations of the illustrative embodiments,
as well as other embodiments of the disclosure, will be
apparent to persons skilled 1n the art upon reference to the
description. It 1s therefore intended that the appended claims
encompass any such modifications or embodiments.

The invention claimed 1s:

1. A method of solar concentration, evaporation and
humidification, the method comprising:

directing, from an input source via a {irst conduit, salty

water 1nto a basin of a reaction vessel;

storing the salty water in the basin;

evaporating at least a portion of the salty water from the

surface of the basin to rise to a top of the reaction
vessel:

pumping the salty water from the basin via a second

conduit to a thermal conductor to be vapourized,
wherein said thermal conductor 1is:
heated using a lens, and
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said thermal conductor has a vanable temperature
across radial distances from its center;
outputting air from the top of the reaction vessel to a
condenser; and
condensing water vapor 1in the air 1n the condenser into a
distillate form.

2. The method of claim 1, wherein the lens 1s a fresnal
lens.

3. The method of claim 1, further comprising reposition-

ing the lens in dependence on the relative position of the lens
to the sun.

4. The method of claim 1, wherein the salty water 1s
provided to a sprinkler head configured to have a variable
ofl-center spray position.

5. The method of claim 1, further comprising gathering
condensate generated 1n the reaction vessel using drainage
panels, said drainage panels extending from walls of the
reaction vessel to an opening under the thermal conductor
and configured to direct condensate to a condensate output.

6. The method of claim 5, further comprising gathering
condensate from the reaction vessel using sheets suspended
from the drainage panels, said sheets configured to trap
moisture.

7. The method of claim 6, further comprising troughs
situated at the bottom of said sheets, said troughs configured
to direct condensate to a second output.

8. The method of claim 5, further comprising gathering
condensate from the reaction vessel using wires suspended
from the dramnage panels, said sheets configured to trap
moisture.

9. The method of claim 8, further comprising troughs
situated at the bottom of said wires, said troughs configured
to direct condensate to a second output.

10. The method of claim 1, wherein the thermal conductor
1s a rounded conical shape made of at least two materials
having different thermal conductivities.

11. The method of claim 1, further comprising:

closing an 1nput vent while running an extraction fan in

the reaction vessel, thereby lowering pressure in the
reaction vessel.
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